The silver pomfret (Pampus argenteus) is a major economically important marine fish in China.
sample sites, which were not protected areas of land. In addition, P. argenteus is not an endangered or 1 0 5 protected species. Four-month-old fingerlings (250 fish; average weight, 11.2 ± 1.5 g; length, 7.5 ± 1.6 1 0 6 cm) were acclimated in six circular plastic tanks with a black background (capacity, 1200 L) and a 1 0 7 constant flow of aerated seawater for two weeks before the experiment. For acclimation, the fish were 1 0 8 fed twice a day (07:00 and 17:00) with a commercial diet (Shimonoseki, Japan) equivalent to 1.5% of 1 0 9 their body weight, and feed was deprived 24 h before the experiment. The daily seawater exchange rate 1 1 0 was 60%. The tanks were cleaned daily, and seawater quality parameters during the acclimatization 1 1 1 period and throughout the experiments were as follows: seawater temperature, 29 ± 0.5 °C; pH, 7.9 ± 1 1 2 0.2; salinity, 30 ± 0.3 ppt; dissolved oxygen, 6.1 ± 0.6 mg L -1 ; and natural photoperiod.
3
Anesthetic agent 1 1 4
One anesthetic agent was used: Shanghai) . All stock solutions were prepared a few 1 1 5 minutes before the start of each experiment; MS-222 was dissolved in seawater and added to anesthetic Changes in the physiological status of the anesthetized fish were assessed in three consecutive stages 1 1 9
for induction (I) and three stages for recovery (R), as described by Summerfelt and Smith with slight 1 2 0 modifications based on the species-specific behavioral response of P. argenteus (Table 1) anesthetic is the dose that produces general anesthesia (I3) within 3 min and allows recovery (R3) 1 2 8
within 5 min (Mohammadi and Khara, 2015) . When the P. argenteus specimens reached I3, they were 1 2 9
immediately netted from the test tanks and placed on a wet surface for a period of 90 s. The duration of 1 3 0 this period was sufficient to measure the length and weight of the fish. Subsequently, the fish were 1 3 1 transferred to a recovery tank (capacity, 500 L) filled with fresh, aerated seawater for recording the 1 3 2 stages of anesthesia recovery. Accordingly, LED of MS-222 was determined. After the anesthetic 1 3 3 treatment, the fish exposed to the same dose of anesthetic were maintained in the same recovery tank to 1 3 4 assess recovery time and recovery rate and observe behavioral changes during and after the treatment 1 3 5 period of 7 days. The commercial feed was supplied the next morning, and the tested fish were not 1 3 6
used again for the subsequent tests. anesthesia (5, 7, 10, 12, and 15 min) was recorded, and the fish were transferred to a recovery tank 1 5 0 (capacity, 500 L) filled with fresh, aerated seawater for recording the stages of anesthesia recovery.
5 1
After the anesthesia treatment, the fish exposed to the same time of deep anesthesia were maintained in 1 5 2 the same recovery tank to assess the recovery time and recovery rate and observe behavioral changes 1 5 3 during and after the treatment period of 7 days. The commercial feed was supplied the next morning,
1 5 4 and the tested fish were not used again for the subsequent tests.
5 5
Aquaculture treatment stresses 1 5 6
After two weeks of acclimation, healthy fish were randomly divided into four groups (n = 30) and pre-coated with a monoclonal antibody specific for cortisol.
7 4
Liver superoxide dismutase, catalase, and glutathione activities and malondialdehyde content 1 7 5
The liver samples were homogenized in physiological saline (1:9 dilution) and then centrifuged at 1 7 6 600 × g and 4 for 10 min. Superoxide dismutase (SOD), catalase (CAT), and glutathione (GSH) 1 7 7
activities and malondialdehyde (MDA) content of the supernatant were measured using the total SOD 1 7 8 assay kit (hydroxylamine method), CAT assay kit (visible light), reduced GSH assay kit 1 7 9
(spectrophotometric method), and MDA assay kit (thiobarbituric acid method). These kits were The cDNA was synthesized using the RT-PCR Kit (TaKaRa, Japan), according to the instructions of 1 8 8 SYBR® PrimeScript™. To adjust the quantity of input cDNA, the housekeeping gene β -actin was used 1 8 9
as the internal control. The target and reference genes used in this study were based on published 1 9 0 information ( Table 2 ). The stress-related genes selected were as follows: heat shock proteins (HSP90 1 9 1 and HSP70) and glucocorticoid receptors (GR1 and GR2). All primers were synthesized by Shanghai Germany). SYBR Green (Roche, USA) was used as the fluorescent dye, and the manufacturer's 1 9 5
protocol was used. RT-PCR was performed using a total volume of 20 μ L. The cycling conditions were 1 9 6
as follows: denaturation at 95 °C for 2 min, followed by 40 cycles of denaturation at 95 °C for 15 s, were detected for P. argenteus (Table 3 ). The induction times decreased significantly with increasing 2 1 2 doses of MS-222. However, the recovery times increased with increasing doses of MS-222 (P < 0.05).
1 3
At 10 and 25 mg L -1 of MS-222, the fish did not complete anesthetic induction and stayed at a light 2 1 4 sedation stage (I1, Table 1 ). Considering the accepted efficacy criteria of general anesthetic induction mg L -1 ) seemed to be similar, whereas the induction time at those concentrations was different.
1 8
Furthermore, the highest concentration of 125 mg L -1 resulted in 50% mortality (Table 3) ; 75-100 mg 2 1 9
L -1 of MS-222 led to no mortality during and after the treatment period of 7 days. The high anesthetic doses significantly reduced the time for P. argenteus to reach deep anesthesia.
0

3
However, excessive or persistent contact with the drug can eventually lead to death. Longer the fish 2 2 4
were exposed to MS-222, longer the recovery time needed (Table 4 ). After 12 and 15 min of deep 2 2 5 anesthesia, the LED of MS-222 resulted in 78% and 33% recovery rate, respectively; therefore, 10 min 2 2 6
was the longest safe deep anesthesia time. At the end of each exposure (4, 7, or 10 min), the fish reared 2 2 7
in the recovery tanks quickly showed normal behavior. No mortality was observed during and after the 2 2 8 treatment period of 7 days.
2 2 9 Data are presented as mean ± SD (n=9). Statistical relationships between groups are indicated by letters where significant differences were detected (P < 0.05).
Plasma cortisol
2 3 1
Significant differences (P < 0.05) in plasma cortisol levels were observed among the groups (Fig. 1) .
3 2
The plasma cortisol levels of the DG, AG, and NAG groups significantly increased (P < 0.05) by 2 3 3
1.3-fold, 1.1-fold, and 1.7-fold, respectively, when compared with the CG group (22.620 ± 0.836 ng 2 3 4 mL -1 ). The plasma cortisol level of the NAG group was significantly different (P < 0.05) from that of 2 3 5 the AG group, which exhibited the highest concentration (38.739 ± 1.065 ng mL -1 ). 
3 8
Data represent mean ± SD (n = 9). Statistical relationships between groups are indicated by letters 2 3 9 where significant differences were detected (P < 0.05).
4 0
Oxidative stress status in the liver 2 4 1
The liver antioxidant capability of P. argenteus has been presented in Figure 2 . When SOD, GSH, 2 4 2 MDA, and CAT activities of the NAG group were compared with those of the other three groups, a 2 4 3 significant increase (P < 0.05) was observed. However, the DG and AG groups showed no significant 2 4 4 increase (P > 0.05) in SOD, MDA, GSH, and CAT activities. In addition, GSH values of the DG and 2 4 5 AG groups were similar to the control values, and the CG and DG groups showed no significant 2 4 6 increase (P > 0.05) in CAT activity. The AG group showed significantly (P < 0.05) higher GSH, SOD, 2 4 7
CAT and MDA activities than the control before stress. between groups are indicated by letters where significant differences were detected (P < 0.05).
5 3
Stress-related gene expression in the kidney 2 5 4
The mRNA expression levels of HSPs (HSP70 and HSP90) and GRs (GR1 and GR2) were 2 5 5 determined for P. argenteus (Fig. 3) . Before aquaculture treatment, HSP70, HSP90, GR1, and GR2 2 5 6 mRNA levels showed no significant differences (P > 0.05), whereas HSP70, HSP90, GR1, and GR2 2 5 7 mRNA levels in the NAG group increased sharply. HSP70 and HSP90 mRNA levels in the AG group 2 5 8 showed no significant differences from the CG group (P > 0.05), whereas the opposite was true for 2 5 9 GR1 and GR2 mRNA levels. of mechanical damage; therefore, it is important to use methods that relieve the stress of P. argenteus.
7 0
MS-222 is particularly effective in fish because it is highly water-and lipid-soluble and readily crosses 2 7 1 the gill membrane (Vera et al., 2010) . Although MS-222 is expensive, its beneficial effects ensure its 2 7 2 continuous application in research, food production, and ornamental fish rearing (Popovic et al., 2012).
7 3
Because species may differ widely in their response to an anesthetic, it is necessary to establish The results demonstrate that MS-222 is an effective and safe anesthetic for P. argenteus. Moreover, 2 8 0 our study defines the LED that produces desirable anesthetic effects in P. argenteus, namely, 75 mg L -1 .
8 1
An induction time of 3 min or less with complete recovery in 5 min is considered acceptable for fish 2 8 2
handling (Mohammadi and Khara, 2015) . This dose produced induction and recovery times of less than 2 8 3 3 and 5 min, respectively. In general, the induction times decreased significantly as the doses increased 2 8 4 (Table 3 ). In contrast, the recovery times increased with increasing doses of MS-222 (Table 3) operations during this period to reduce the stress on the fish body.
9 6
Plasma cortisol 2 9 7
Aquaculture inherently involves stressing the fish. Handling, transportation, and crowding are 2 9 8 common stressors in fish culture, which may affect their growth, feed intake, nutrient utilization, and 2 9 9 physiology. Plasma cortisol plays a central role in glucose metabolism during the physiological stress 3 0 0 response, and it can be used as an indicator of the acute stress response (Wendelaar Bonga, 1997).
0 1
The AG group displayed lower cortisol levels than the NAG and DG groups, which, to some extent, 3 1 0
In this study, the fish subjected to acute physical stress showed significantly elevated plasma 3 1 1 cortisol levels (levels in the NAG group were 1.7-fold those in the CG group). The maximum levels of 3 1 2 plasma cortisol in P. argenteus were somewhat lower than those in other fishes, such as the Arctic Stressed fish have been demonstrated to be more vulnerable to disease because of impairment of the 3 2 0 antioxidant defense systems (Velisek et al., 2011) . To cope with oxidative damage, organisms have 3 2 1 evolved a system to either prevent or repair the effects of oxidative stress (Birnie-Gauvin et al., 2017) .
2 2
Oxidative stress is caused by the formation of reactive oxygen species (ROS), H 2 O 2 , hydroxyl radicals, 3 2 3 and superoxide anion radicals, which are the main by-products of oxidative metabolism and potentially 3 2 4 cause cell damage (Azzi et al., 2004) .
2 5
In the present study, the SOD and CAT activities significantly increased (P < 0.05) in the NAG , 2009) . We observed that the mRNA levels of HSP70 and HSP90 were 3 5 5 significantly higher (P < 0.05) in the NAG group than in the other three groups. In addition, no obvious 3 5 6 differences in HSP70 and HSP90 mRNA expression levels were observed between the AG and CD 3 5 7
groups. When the fish were exposed to stress, over-expression of HSP70 and HSP90 may have been suggested that HSP70 is induced under a certain range of stress, which is a protective mechanism to 3 6 5 counteract the effect of stress on cultured animals (Iwama et al., 1998) . However, HSP70 in the 3 6 6 rainbow trout and tilapia was significantly inhibited under different high-temperature stresses (Basu et 3 6 7
al., 2001). A previous study on the Atlantic salmon showed that low temperature, capture, and other 3 6 8 stress factors did not significantly influence the HSP levels in the body (Zarate and Bradley, 2003) . The 3 6 9
reasons for this inconsistency may be related to the type of stress protein. Overall, the mechanisms by 3 7 0
which HSPs protect cells under stressful conditions are complex and need to be studied further.
7 1
In the AG group, HSP70 and HSP90 mRNA levels were unaffected by stress, whereas GR1 and 3 7 2 GR2 mRNA levels were significantly higher (P < 0.05) after stress. This may be because GRs are more 3 7 3 sensitive to stress, even after MS-222 administration. In teleosts, two types of GRs (GR1 and GR2) are suggested that GR1 is expressed only under stress in P. argenteus. In this study, the expression levels 3 7 8 of GR1 and GR2 were significantly different between the control and aquaculture treatment groups.
7 9
Further studies are required to understand the functional model of GRs in this species. In this study, the 3 8 0 upregulated mRNA expression levels of HSP70, HSP90, GR1, and GR2 after aquaculture treatment 3 8 1 stresses indicate that the HSPs are inducible and may play an important role in the immune response.
8 2
The mRNA expression levels of HSP70, HSP90, GR1, and GR2 did not differ between the CG and DG 
